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Tomales Bay is located on the California coast 
approximately forty miles north of San Francisco between 
38 14*00 N. Lat., 122 58* 35" W. Long, and 38 05' 30" N. 
Lat., 122 49* 40" W. Long. The bay is 20.39 kilometers 
In length. It varies in width from 658 meters to 2,651 
meters. Tomales Bay is shallow, with an average depth 
of approximately 3.7 meters and a high tidal prism of 
about one-sixth of the bay's volume. The tides are of 
the mixed diurnal type. The currents in the bay are 
predominantly tidal in nature ( Johnson et al», 1961). 
Tomales Bay has been the site of an intensive 
program of ecological study by the Pacific Marine Station. 
Thus far, the major emphasis has been on intertidal and 
benthic community studies. Little is known, however, 
about the plankton of this bay, especially the phytoplankton. 
In an effort to augment our knowledge and understanding of 
this bay, a six-month population study of the family 
Peridiniidae of the phylum Pyrrophyta was undertaken. 
Only a few population studies on the dinoflagellates 
have been carried out along the California coast. Allen 
(1921-1941) was the most prominent worker in the field, 
2 
with twenty years of research on dinoflagellate populations. 
Allen's work, however, was restricted to one area in southern 
California waters. Dorman's quantitative work on the Pyrro-
phyta (1927) included stations as far north as Monterey Bay. 
Bigelow (1926) conducted a short summer survey that included 
some quantitative work on dinoflagellate populations in 
Monterey Bay. No population studies on dinoflagelia.tes 
have been done north of Monterey Bay on the coast of 
California. 
It is the purpose of this study to present a 
quantitative survey of the family Peridiniidae in Tomales 
Bay over the six month period between October thirtieth 
and May sixth. Emphasis has been placed on variation in 
the total Peridiniidae population for this period, on the 
seasonal variation of individual species, and on the possible 
effects of hydrographic and climatic conditions on the 
population. 
CHAPTER II 
METHODS AND MATERIALS 
Samples were collected once a week, with a few 
exceptions, from four stations established around Tomales 
Bay. Station 1 was located at the end of the pier at 
Lawson' s Landing, Station 2 at the end of the pier at Nick's 
Cove, Station 3 at the end of the pier at the Marshall Boat 
Works in Marshall, and Station 4 at the end of the pier at 
the Golden Hinde Boatel a mile north of Inverness. (Figure 
1.) 
The samples were taken at times as close to high 
tides as possible, starting the collection at Station 1 
just before high tide and working around the bay to Station 
4 just after high tide. 
A small Van Dorn bottle (500ml volume) was used to 
sample the population. Samples were taken at one, two, and 
three meters below the surface at Stations 1 and 3, at one 
ana two meters below the surface at Station 2, and at one 
meter below the surface at Station 4. The reduced number of 
samples taken at Stations 2 and 4 was due to the shallowness 
of the water at these two areas. The samples taken at these 
various depths were designated by the letters a, b, and c. 
The letter "a" represented a sample taken one meter below 









and "c" a sample collected from three meters below the 
surface. 
The samples were preserved in the field with 25ml of 
a ten per cent formalin solution. 
The water and air temperatures were recorded at each 
station. A separate water sample was taken at a depth half­
way between the top and bottom plankton samples with the 
Van Dorn bottle for a salinity determination. Three drops 
of ten per cent formalin were added to this sample in the 
field. 
In the laboratory 500ml of each sample, excluding the 
salinity sample, were filtered through a millipore filter 
{pore size 1.2u). The sample concentrate was then washed 
and stored in a vial containing 5ml of a ten per cent formalin 
solution. 
Identification of species and population counts were 
made on a Howard counting chamber, which had a volume of 3mm . 
IJine counts were made from each sample. Before each count, 
the vial containing the sample was thoroughly agitated for 
several minutes. A 3mm"* aliquot was then drawn from the vial 
with a hypodermic syringe and transferred to the counting 
chamber. 
The mean value and standard deviation were calculates 
for each species in the sample and for the sum total of all 
individuals present. These values were then corrected to 
total number of individuals of each species per liter and 
sum total of all individuals per liter. 
6 
Salinities were determined by the use of a Cotlove 
Chlorinometer. All salinity samples were analyzed in 
duplicate. 
The plankton samples were subject to several classes 
of error; those which were inherent in the collection method, 
those which resulted from the transfer of the sample from 
the millipore membrane to the vial, those which resulted 
from the transfer of the 3mm-* aliquot from the vial to the 
counting chamber, the actual counts, and the mathematical 
conversion to individuals per liter. 
If it is assumed that the plankton was quite evenly 
distributed in Tomales Bay, then the samples were probably 
representative of the population. However, patchiness 
caused by hydrographic conditions or by zooplankton grazing 
is known to exist in open oceans, so that this assumption may 
not be valid. At present, there is no way of knowing how 
great the sampling error was, or whether or not it remained 
relatively constant from week to week. 
There was probably a small error encountered in the 
transfer of the plankton concentrate from the millipore 
membrane to the vial. This error was kept at a minimum by 
filtering very slowly so that the concentrate would not stick 
to the membrane when washed. 
In the transfer of the 3mm"* aliquots from the vial to 
the counting chamber, some error was introduced even though 
7 
the vial had. been thoroughly shaken. It has been shown that 
such subsampling is as likely as not to be biased and that 
different species may show different reliabilities (Holmes, 
1956). 
Some error was probably involved in the counting 
process as small individuals could easily be overlooked. 
"When the counts were converted to individuals per 
liter, some artificiality of numbers was created. However, 
this conversion was deemed necessary as this is the standard 
measurement in plankton population studies of this type. 
The method employed could not give a completely 
accurate determination of the quantitative occurrence of all 
species present, nor of the sum total of all organisms in a 
certain volume of water. However, the method probably did 
give a rather accurate picture of the relative changes in the 
occurrence of most of the species. 
CHAPTER III 
PHYSICAL DATA 
The hydrographic conditions in Tomales Bay change 
greatly from one week to the next. Variations have also 
been noted in different parts of the bay on the same day. 
During the winter months the salinity values of the south 
end of the bay and in the vicinity of Walker Creek are 
generally lower than those in the lower part of the bay. 
These lowered salinities are due to runoff from four streams 
that drain into Tomales Bay. There is also a striking 
temperature contrast between the headwaters and the entrance 
to the bay, which is due mainly to the local climatic 
differences between the north and south ends of the bay 
(Johnson et al., 1961). 
Since the hydrographic conditions vary so much in the 
bay, a record of the salinities, water temperatures, and air 
temperatures was made to see if any correlations could be 
observed between these physical factors and the composition 
or size of the Peridiniidae population. 
The material in this section is presented on a monthly 
basis, emphasizing the major trends of the changes in salinities 
and water temperatures. A complete listing of the physical 
data is given in Table I (Page 90). Also see Figures 2 and 3. 
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NOVEMBER 
Salinity range; 28.46 o/oo at Station 4 on 
November thirteenth to 36.99 o/oo 
at Station 1 on November twenty-
first. 
Water temperature range: 11.0°C at Stations 2 
and 4 on November twenty-first to 
15.7°C at Station 4 on November seventh. 
This month was characterized by decreasing water temperatures 
and rising salinities. All of the salinities on November 
seventh were very close to 31.00 o/oo. There was a slight 
drop in salinity values on November thirteenth and the 
salinity at Station 4 reached the low of the month with a 
value of 28.46 o/oo. The highest salinity value on November 
thirteenth was 30.36 o/oo, noted at Station 1. By November 
twenty-first the salinities at all stations had risen sharply. 
Station 1 reached the highest recorded salinity of 36.99 o/oo. 
The lowest salinity on this date was 33.76 o/oo at Station 3. 
The highest water temperatures of the month for all 
stations were recorded on November seventh, with a range from 
13.7°C at Station 1 to 15.7°C at Station 4. From this point 
the temperatures began to fall with a range of from 12.1 C at 
Station 2 to 13.2°C at Station 4 on November thirteenth. The 
lowest values of the month were recorded on November twenty-
first with a temperature variation of from 11.0°C at Stations 
2 and 4 to 11.5°C at Station 3. 
12 
DECEMBER 
Salinity range: 21.73 o/oo at Station 2 on December 
twenty-ninth to 36.91 o/oo at 
Station 1 on December fifteenth. 
Water temperature range: 10.0°C at Station 4 on 
December fifteenth to 13.2°C at 
Station 3 on December twenty-third. 
The salinities remained quite high for the first two weeks 
of this month and then began to fall off. Extremely low 
values were reached by December twenty-ninth. This marked 
decrease was due to heavy rains, which fell almost constantly 
for the last two weeks of December. The water temperatures 
fluctuated up and down all month. 
The salinity at Station 1 was fairly constant for the 
first two collection periods of the month with a value of 
almost 37.00 o/oo. It then decreased slightly, with the 
advent of the rains, to 35.95 o/oo on December twenty-third. 
The salinity at Station 1 reached its lowest value of the 
six month period with a value of 28.6 2 o/oo on December 
twenty-ninth. The salinities at Stations 2 and 3 had risen 
from their previous month's highs to 35.73 o/oo at Station 
2 and 35.11 o/oo at Station 3 on December tenth. The 
salinities at both of these stations remained nearly constant 
through the December fifteenth collection, but then decreased 
to 31.21 o/oo at Station 2 and 31.15 o/oo at Station 3 on 
December twenty-third. By December twenty-ninth a low of 
13 
26.57 o/oo was reached at Station 3 and 21.73 o/oo at 
Station 2. The salinity at Station 4 was quite steady for 
the first two collection periods of the month with values 
of 33.40 o/oo on December tenth and 33.61 o/oo on December 
fifteenth. It then dropped sharply to 27.65 o/oo on 
December twenty-third and reached its lowest recording of 
the month, 26.61 o/oo, on December twenty-ninth. 
All of the water temperatures were near 12.0°C 
(11.8°C - 12.2°C) on December tenth. By December fifteenth 
all of the temperatures had decreased to within a range of 
from 10.0°C at Station 4 to 10.5°C at Stations 2 and 3 and 
then rose again by December twenty-third. All of the tempera 
tures had again dropped with a range of from 10.1°C at 
Station 2 to 11.5°C at Station 4 on December twenty-ninth. 
JANUARY 
Salinity range: 18.71 o/oo at Station 3 on January 
tenth to 32.82 o/oo at Station 1 on 
January twenty-eighth. 
Water temperature range: 9.0°C at Stations 2, 3 and 
4 on January tenth to 12.0°C at 
Stations 3 and 4 on January eighteent 
The salinities, for the most part, tended to show a sharp 
increase during this month. For the first week, however, 
Stations 3 and 4 were still falling below the previous month' 
lows. This was probably due to the heavy runoff from the 
14 
rains. The water temperatures at Stations 2, 3 and 4 reached 
their lowest values of the six months on the first week's 
collection. The temperatures had risen considerably by 
January eighteenth, but then dropped slightly on January 
twenty-ninth. 
By January tenth the salinities at Stations 1 and 2 
had begun to rise from their December lows to 31.84 o/oo at 
Station 1 and 24.18 o/oo at Station 2. Salinities at 
Stations 3 and 4, however, had fallen to their lowest values 
of the study period with 18.71 o/oo at Station 3 and 22.98 
o/oo at Station 4. On January eighteenth the salinities at 
Stations 2, 3 and 4 had risen over the previous week's 
values, while the salinity at Station 1 had fallen slightly 
to 30.95 o/oo. By January twenty-eighth the salinity at 
Station 1 had risen to 32.82 o/oo. On this same date the 
value at Station 2 had risen to 29.01 o/oo, while an increase 
to 26.09 o/oo had occurred at Station 3. The salinity at 
Station 4 had dropped to 24.55 o/oo. 
The water temperatures at Stations 2, 3 and 4 dropped 
to their lowest values of six month period on January tenth. 
All three stations recorded 9.0°C. The temperature at 
Station 1, 9.7°C, was the lowest temperature recorded at 
this station in January. On January eighteenth the tempera­
tures had risen to 11.5°C at Station 1, 11.0 C at Station 2, 
and 12.0°C at Stations 3 and 4. By January twenty-eighth 
the temperatures had again dropped with a range of from 
10.0°C at Station 1 to 11.2°C at Station 4. 
15 
FEBRUARY 
Salinity range: 24.15 o/oo at Station 3 on February 
seventh to 33.73 o/oo at Station 1 
on February seventeenth. 
Water temperature range: 8.8°C at Station 1 on 
February twenty-sixth to 12.5°C at 
Station 4 on February seventeenth. 
The salinities showed a trend toward higher values in the 
month of February. The water temperatures remained within 
a range of from 11.5°C to 12.5°C until February twenty-sixth 
when the values at all stations fell. The temperature at 
Station 1 reached the lowest value of all stations for this 
six month period of 8.8°C. 
The lowest salinity values for all stations in the 
month of February were recorded on February seventh with a 
range of from 24.15 o/oo at Station 3 to 32.41 o/oo at 
Station 1.. By February seventeenth the salinities had risen 
to 33.73 o/oo at Station 1, 32.37 o/oo at Station 2, and 
29.36 o/oo at Station 3. The salinity sample from Station 4 
was lost. On February twenty-sixth the salinities at Stations 
1 and 2 had dropped slightly to 33.14 o/oo and 32.22 o/oo 
respectively/ while the salinity at Station 3 had ris 
31.04 o/oo. The salinity value at Station 4 was 30.89 o/oo 
on this date. 
16 
The temperature values on February seventh ranged 
from 11.7°C at Station 1 to 12.4°C at- Station 3. The 
temperature values were quite similar on February seventeenth 
with a range of from 11.5°C at Stations 1 and. 2 to 12.5°C at 
Station 4. On February twenty-sixth the lowest temperature 
was noted at Station 1 with a reading of 8.8°C. Stations 2 
and 3 both had temperatures of 10.3°C on this date, while 
the temperature at Station 4 was 11.5°C. 
MARCH 
Salinity range: 29.15 o/oo at Station 4 on March 
sixth to 34.85 o/oo at Station 1 
on March thirtieth. 
Water temperature range: 10.5°C at Station 1 on 
March sixth to 16.0°C at Station 4 
on March twenty-first. 
No general statement can be made about the salinity values 
for the month of March. The salinities at Station 1 tended 
to increase, while those at Station 2 remained about the 
same. The salinities at Station 3 dropped slightly and those 
at Station 4 increased and decreased throughout the month. 
The. water temperatures at all stations increased during the 
first three weeks of sampling and they fell sharply on 
March thirtieth. 
The upward trend of salinity values at Station 1 
ranged from a low of 32.61 o/oo on March sixth to a high of 
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34.85 o/oo on March thirtieth. The salinity sample from 
Station 2 on March sixth was lost, but the values for this 
station were quite constant for the rest of the month with 
a variation of from 32.93 o/oo on March fifteenth to 32.74 
o/oo on March twenty-first. The salinity values at Station 
3 dropped from 33.94 o/oo on March sixth to 32.37 o/oo on 
March twenty-first and then rose to 32.81 o/oo on March 
thirtieth. The salinities at Station 4 varied from 29.15 
o/oo on March sixth to 31.20 o/oo on March thirtieth. 
The lowest water temperatures of the month for each 
station were noted on March sixth. Station 1 had the lowest 
reading of 10.5°C and all other stations had a temperature 
of 11.0°C. The temperature at all stations had risen on 
March fifteenth with a range of from 11.7°C at Station 1 to 
14.0°c at Station 4. The highest temperature readings of 
the month were noted on March twenty-first with a variation 
of from 14.0°C at Station 1 to 16.0°C at Station 4. By March 
thirtieth the temperatures at all stations had dropped. The 
lowest temperature was noted at Station 1 with 1Q»8°C and the 
highest at Station 4 with 13.5°C. 
APRIL (including May sixth) 
Salinity range: 26.05 o/oo at Station 4 on April 
seventh to 35.53 o/oo at Station 1 
on May sixth. 
18 
Water temperature range: 10.8°C at Station 1 on 
April seventh to 18.5°C at Station 
4 on April twenty-sixth. 
The salinity values fell off during the first part of the 
month and then began to increase again by May sixth. The 
water temperatures increased throughout the month of April 
to some of the highest values for the study period and then 
dropped off slightly by May sixth. 
The salinities varied from 30.38 o/oo at Station 4 
to 33.81 o/oo st Station 1 on April seventh. The salinity 
values for all stations had decreased by April seventeenth 
with the lowest salinity of 29.27 o/oo at Station 3 and the 
highest of 32.65 o/oo at Station 1. By April twenty-sixth 
the salinties at Stations 2, 3 and 4 had continued to decrease 
with the lowest salinity noted at Station 4 with a value of 
26.23 o/oo. The salinity at Station 1 had risen to 34.00 
o/oo by April twenty-sixth. On May sixth the salinity values 
at Stations 1, 2 and 3 were higher than those of the previous 
week's collection with a range of from 29.91 o/oo at Station 
3 to 35,53 o/oo at Station 1. The salinity at Station 4 had 
continued to decrease to 26.05 o/oo. 
The range in water temperatures on April seventh was 
from 10.8°C at Station 1 to 12.0°C at Station 4. The 
temperatures at all stations increased for the rest of the 
month with the highest temperature at each station for the 
entire six months noted on April twenty-sixth. On this date 
19 
the temperature at Station 1 was 13.8°C, 16.3°C at Station 
2, 17.0°C at Station 3, and 18.5°C at Station 4. By May 
sixth the temperatures at all stations had dropped to within 
a range of from 12.0°C at Station 1 to 14.0°C at Station 4. 
CHAPTER IV 
SAI1PLE DATA 
The: data in this section are presented on a monthly 
basis with a consideration of each week's sample, emphasizing 
the predominant station and species recorded for that date. 
A complete species list is given at the beginning of this 
section. A listing of the number of individuals present at 
all stations for the six month period is given in Table II, 
Page 93. 
SPECIES LIST 
Goniaulax spinifera (Claparede and Lachmann) (1866) 
Goniaulax polyhedra Stein (1883) 
Goniaulax catenella Whedon and Kofoid (1936) 
Diplopsalis lenticula Bergh (1882) 
Peridiniopsis rotunda Lebour (1922) 
Peridinium excentricum Paulsen (1907) 
Peridinium triqueta (Stein) (1883) 
Peridinium conicum Gran (1900) 
Peridinium conicoides Paulsen (1905) 
Peridinium trochoideum Stein (Lemm.) (1910) 
Peridinium achromaticum Levander (1902) 
Peridinium depressum Baily (1855) 
Peridinium oceanicum Vanhoffen (1897) 
Peridinium granii Ostenfeld (1906) 
Peridinium steinii Jorgensen (1899) 
Peridinium divergens Ehrenberg (1840) 
Peridinium globulus Stein (1883) 
Peridinium pellucidum (Bergh) Schutt (1895) 
Peridinium crassipes Kofoid (1907) 
Peridinium rectum Kofoid (1907) 
Minuscula bipes (Paulsen) (1904) 
Ceratium furea (Ehrenberg) (1883) 
Ceratium tripos Muller (1777) 
OCTOBER THIRTIETH - NOVEMBER TWENTY-FIRST 
This first month of study was characterized by a 
predominance of Ceratium furea which represented over ninety 
per cent of the entire population for that period. Eight 
other species were found during this period in small numbers 
Station 1 supported the only population of more than 250 
individuals per liter during this month. Station 1 reached 
a peak density of 2,588 individuals per liter. See Figure 4 
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TOTAL NURBER OF INDIVIDUALS tER LITER FOR EACH 
STATION DURING NOVEMBER ( INCLUDING OCTOBER 
THIRTIETH) 
23 
The only individuals collected on this date were recorded 
from Station 1 and even this population was quite sparse 
with a maximum number of 205 individuals per liter at Station 
la. The population of Station la consisted of 82 Peridinium 
granii per liter, 82 Diplopsalis lenticula per liter, and 
41 P. crassipes per liter. No individuals were recorded from 
Station lb. Eighty-two P^. steinii per liter were noted at 
Station lc. 








Station 1 displayed the highest population density on this 
date. A peak density of 902 individuals per liter was reached 
at Station lc. Ceratium furca was the most abundant species. 
This species attained its greatest concentration of 738 
individuals per liter at Station lc. C. furca was also 
recorded at Station lb with 123 individuals per liter and at 
Stations 2a and 4b with a density of 41 individuals per liter 
at each of these latter stations. All other species were 
present in small numbers at Station 1. No Peridiniidae were. 
found at Station 3. 






This date's collection revealed the greatest population 
density of the four week period. Station 1 showed the 
highest concentration with a peak of 2,588 individuals per 
liter at Station lc, 1,640 individuals per liter at Station 
lb, and 738 individuals per liter at Station la. Ceratium 
furea was the dominant species with its greatest numbers at 
Station 1. The densities for this species ranged from 656 
individuals per liter at. Station la to 1,189 individuals 
per liter at Station lb and climaxed with 2,383 individuals 
per liter at Station lc. C. furca was also found at Stations 
2 and 3, being the only species present at these two stations. 
Ho Peridiniidae were found at Station 4. 





Station 1 remained the most productive location in regards 
to total numbers of individuals , but a large drop in the 
population had occurred since the previous week's collection. 
Station lb showed the highest density with 246 individuals 
per liter. The decrease in population size was due mainly 
to the few numbers of Ceratium furca present as compared 
with the week of November thirteenth. C. furca was recorded 
only at Station la and lb with 41 and 82 individuals per 
liter respectively. Peridinium crassipes was the only species 
25 
found at Station 2 with a count of 41 individuals per 
liter. No Peridiniidae were found at the other two 
stations. 
DECEMBER TENTH - DECEMBER TWENTY-NINTH 
No samples were taken in the first week of this 
month. On December tenth Ceratium furea was dominant, but 
dropped off sharply by the next week. By the last week of 
the month C. tripos had become the cominant species, 
although it was never present in very large numbers. A 
total of eight species were found in this month's 
collections. See Figure 5. 







Station 1 showed the greatest population concentration for 
this week with 1,394 individuals per liter at Station la 
and 1,435 individuals per liter at Station lb. The sample 
from Station lc was lost. Ceratium furca represented over 
ninety per cent of the total individuals for Station 1 with 
1,271 individuals per liter at Station la and 1,394 individual 
per liter at Station lb. C. furca was present at all other 
stations in small numbers. 
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The population densities were very poor on this date. 
The highest concentration was noted at Station lc with 
123 individuals per liter. No species were recorded at 
Stations 2 and 4. Ceratium furca was noted only at Station 
la with 82 individuals per liter. No species were found at 
Station lb. Station lc was represented by Peridinium 
divergens with 82 individuals per liter and by P. rectum 
with 41 individuals per liter. P. rectum was also recorded 
at Station 3c with 41 individuals per liter. 




The only species found in this date's collection were found 
at Station 1. Station la had the highest count with 369 
individuals per liter, while Station lb and lc both had 287 
individuals per liter. Ceratium tripos was the dominant 
species for this date with 328 individuals per liter at 
Station la, 20 5 individuals per liter at Station lb, and 
287 individuals per liter at Station lc. Thecal plates of 
Ceratium sp. , perhaps C. furca or a closely related species, 
were found at Station 1 in large numbers, but no whole 
individuals were present. 
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For the first time in this study, the highest population 
density was not found at Station 1» The population reached 
its maximum density at Station 3a with 328 individuals per 
liter, followed by Station la with 205 individuals per liter. 
Ceratium furea and C. tripos were the two predominant species. 
C. furea reached its greatest density at Station 3a with 205 
individuals per liter, while C. tripos was most abundant at 
Station la with 164 individuals per liter. Some Peridiniidac 
were found at all four stations in contrast with the previous 
week's samples, in which no species were found at Stations 
2, 3 or 4. 
JANUARY TEHTH - JANUARY TWENTY-EIGHTH 
This month's population, was the lowest of the study. 
The lowest densities were recorded on January tenth with a 
gradual increase in numbers as the month progressed. Seven 
species were found this month, but none were actually 
dominant, due to the few numbers of individuals present. 
See Figure 6. 
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FIGURE 6 
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The poorest plankton population of the study was found on 
this date- The only species recorded was found at Station 
2b. The single species present was Peridinium rectum, 
represented by only 41 individuals per liter. No Peridiniidae 
were found at any other stations. 






The population density for this date was still low. 
Station 4a had the highest count with 164 individuals per 
liter. Stations 1 ana 2 possessed a few individuals, but 
no Peridiniidae were found at Station 3. The most prevalent 
species for this week's collection was Peridinium trochoideum, 
recorded for the first time in the study on this date, with 
a density of .123 individuals per liter at Station 4a. There 
were 82 individuals per liter recorded at Station 2a, while 
Stations 2b and lb each had a count of 41 individuals per 
liter. No individuals were noted at Station la and lc. 





The maximum population density for this date was recorded 
at Station 3b with a total count of. 20 5 individuals per liter. 
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Ceratium furea was the most prevalent species and its 
greatest numbers were noted at Station 3b with 164 individuals 
per liter. Station 1 had a total number of 41 individuals per 
liter at Station la, 123 individuals per liter at Station lb, 
and 123 individuals per liter at Station lc. A total of 41 
individuals per liter was noted at Station 4a. No Peridiniidae 
were found at Station 2. 
FEBRUARY SEVENTH - FEBRUARY TWENTY-SIXTH 
The highest plankton counts of the study wore recorded 
in the month of February with a record high of 80 ,659 
individuals per liter at Station 3 on February seventeenth. 
Peridinium trochoideum and P. triqueta were the predominant 
species throughout the month. In general, P. trochoideum 
was present in greater numbers than P. triqueta except at 
Station 3 on February seventeenth where P. triqueta was 
more abundant. Both of these species reached their highest 
density at Station 3 on February seventeenth. Seventeen 
species were noted this month; many for the first time in 
this study. See Figure 7. 
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The highest population concentration on this date was noted 
at Station lb with 1,107 individuals per liter. Station la., 
lc, and Station 2a had densities of over 500 individuals 
per liter. The sample from Station 2b was lost. Peridinium 
trochoideum was the most prevalent species and attained its 
peak concentration of 492 individuals per liter at Station 
2a. P. trochoideum was recorded at all four stations. 
triqueta reached its greatest density of 451 individuals 
per liter at Station lb. 













The highest population densities of the entire study were 
recorded on this date. Station 3 was the most productive 
station with SO,659 individuals per liter at Station 3a, 
17 ,.182 individuals per liter at Station 3b and 56,524 
individuals per liter at Station 3c. Station 4a had the 
lowest density on this day with 1,353 individuals per liter. 
Peridinium triqueta was the dominant species with its 
greatest density at Station 3 of 70,670 individuals per 
liter at Station 3a, 10,893 individuals per liter at Station 
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3b, and 40,330 individuals per liter at Station 3c. P. 
trocnoideum was the most prevalent species at Stations 1 
and 2, while P. triqueta was predominant at Stations 3 and 
4. Both of these species were recorded at every station on 
this date. The population density recordings for Station 3 
were completely out of proportion to any other densities 
rioted in this study. 












The size of the population on February twenty-sixth had 
fallen off considerably as compared to the population density 
of February seventeenth. However, the maximum density was 
still recorded at Station 3 with 1,230 individuals per liter 
noted at Station 3a. Peridinium triqueta had decreased 
greatly in numbers and was only predominant at Station la 
with a count of 328 individuals per liter. P. trochoiceum 
reached its highest density of 328 individuals per liter at 
Station lc, but was also the most abundant species at Station 
2a and 2a, Station 3c, and Station 4a. Peridiniopsis rotunda 
had the greatest density of any species on this date with 
615 individuals per liter at Station 3a. 
3 5  
MARCH SIXTH - MARCH THIRTIETH 
The most notable characteristic of the plankton 
population for the month of March was the large number of 
species that were present. A total of twenty-five species 
were found this month, representing every species recorded 
for the entire study with the exception of Ceratium tripos. 
Ko one species was dominant throughout the month. There 
was a decrease in the population density the first part of 
March, followed by a marked increase during the latter part 
of the month. See Figure 8. 




















Station 1 had the highest population density for March sixth 
with 3,735 individuals per liter at Station la 4 47s • 
-'-a, 4,475 individuals 
per liter at Station lb, and 2,050 individuals per liter at 
TOTAL NUMBER OF INDIVIDUALS FER LITER FOR EACH 
STATION DURING MARCH 
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Station lc. Stations 2b, 3a, and 3b all supported populations 
of over 1,000 individuals per liter. Station 4 had the lowest 
density for this date with 164 individuals per liter. 
Peridinium trochoideum was the dominant species at all stations, 
except Station 3a, with its greatest, density at Station lb of 
2,220 individuals per liter. The largest number of species 
present at any station on this date was fourteen, recorded 
at Station la and lb. 






















The population density on this date had fallen over that of 
the previous week's collection. The maximum density was 1,517 
individuals per liter, recorded at Station la. The lowest 
density was noted at Station 4a with 82 individuals per liter 
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present. Peridinium trochoideum and P. achromaticum were 
the most prevalent species on March fifteenth. P. trochoideum 
attained the maximum density of 369 individuals per liter at 
Stations lc and 2a. There were twenty-two species noted on 
this date. The largest number of species at any one station 
was sixteen, found at Station lc. 
















The population density values for Stations 1 and 2 continued 
to drop on March twenty-first, while the value at Station 3 
increased sharply over the previous week's densities. The 
population density at Station 4 had increased slightly over 
its earlier values for the month of March. The maximum 
density of the month was recorded at Station 3a on this date, 
with 5,822 individuals per liter. No Peridiniidae were 
found at Station 3c. Diplopsalis lenticula had the highest 
density of any species with 1,394 individuals per liter at 
Station 3a. 
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All stations, except Stations 3a and 4a, showed an increase 
in population densities over the values of the previous 
week's collection. The greatest concentration was found at 
Station la with 2,501 individuals per liter. Stations 2b 
and 4a were the only stations that had a density of less 
than 1,000 individuals per liter on this date. Peridinium 
achromaticum had the highest density of any species on this 
aate with 615 individuals per liter at Station 3a. P. 
trochoideum was the most prevalent species at Stations 1, 
2a, and 3c with its highest concentration of 533 individuals 
per liter, noted at Stations lc and 2a. 
APRIL SEVENTH - MAY SIXTH 
There was a general tendency for the densities to 
increase for the first three weeks of this month, followed 
40 
by a decrease in numbers on May sixth. The highest density 
value was 3,733 individuals per liter, recorded at Station 
3 on April twenty—sixth. Peridinium trochoideum and P. 
triqueta were the most prevalent species for this four week 
period. P. trochoideum attained the greatest density of any 
species with 2,257 individuals per liter on April 26th. See 
Figure 9. 














The highest population density on this date was recorded at 
Station la with 1,353 individuals per liter. Ho Perxdiniidae 
were found at Station 4a. Peridinium triqueta and P. 
trochoideum were the most prevalent species. P. trochoideum 
reached a maximum density of 410 individuals per liter at 
Stations la and 3a, while the greatest concentration of P. 
triqueta was noted at Stations lc and 3a with 328 individuals 






























































TOTAL NULBER OF INDIVIDUALS PER LITER FOR E^CH 
STATION DURING APRIL (INCLUDING KAY SIXTH) 
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The highest population concentration was recorded at Station 
3a with 3,567 individuals per liter. No Peridiniidae were 
found at Stations 3c and 2b. Peridinium triqueta and P. 
trochoideum were still the most prevalent species on this 
date. P. triqueta attained its maximum density at Station 
3a with 1,886 individuals per liter. P. trochoideum also 
reached its greatest concentration at Station 3a with 1,189 
individuals per liter. 

















The highest population density of the month was noted on this 
date with 3,733 individuals per liter at Station 3a. No 
Peridiniidae were recorded at Station 4a. Peridinium 
trochoideum was the dominant species this week with a maxi­
mum density of 2,257 individuals per liter at Station 3a. 
The highest concentration for E. triqueta was 410 individuals 
per liter; considerably less than the previous week's 
densities for this species. 










The maximum population density was 1,189 individuals per 
liter, noted at Station lc. No Peridiniidae were found at 
Station 2a and Station 2b or at Station 4a. Peridinium 
trochoideum had the highest density of any species with 615 
individuals per liter at Station 3a. Both the number of 
species and the number of individuals present had dropped 
since the previous week's collection. 
CHAPTER V 
SPECIES DISTRIBUTION 
This chapter contains a brief description of the 
distribution of each species found during this study period. 
The species are presented in systematic order. 
GONIAULAX SPINIFERA (Figure 10) 
Goniaulax spinifera was found in the plankton 
samples between February seventeenth and Hay sixth in few 
numbers. The maximum density for this species was 82 
individuals per liter. G. spinifera appeared somewhat 
sporadically during this eight week period and occurred 
consistently for only one three week period between March 
< •! 
twenty-first and April seventh. No correlation was found 
between the density of this species and salinity or 
temperature. ; 
GONIAULAX POLYHEDRA (Figure 11, Page 46) i. 
Goniaulax polyhedra was found in only three ;| 
! \ 
collections during this study. It was first recorded on j 
; i 
March thirtieth and appeared again on April seventh and , 
twenty-sixth. The greatest density for this species was 
123 individuals per liter. No correlations were found :: 
between the occurrence of G. polyhedra ana salinity or j 
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GONIAULAX CATENELLA (Figure 12) 
This species was found only in the plankton collection 
taken on March fifteenth. The highest density reached by 
G. catenella was 123 individuals per liter. No observations 
on correlations between the numbers of individuals and 
salinity or temperature were possible. 
PIPLOPSALIS LENTICULA (Figure 13, Page 49) 
Diplopsalis lenticula was present in every collection 
between October thirtieth and December tenth with the exception 
on November thirteenth. It was not found during the rest of 
December or the first part of January, but was noted again, 
on January eighteenth. This species was found only in two 
of the four collection periods during February, the seventh 
and seventeenth. D. lenticula appeared in every collection 
during March and April. Few individuals of this species 
were recorded for the first months, but there was a notable 
increase in numbers of individuals during the March and 
April collections. During these last two months the highest 
values ranged from 123 individuals per liter to 1,394 
individuals per liter on April twenty-first. No correlation 
was found between the number of individuals present and 
salinity or temperature. 
PERIDINIOPSIS ROTUNDA (Figure 14, Page 50) 
Peridiniopsis rotunda was found between February 
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EACH COLLECTION DATE 
collection during this three month period. This species 
reached a maximum density of 779 individuals per liter on 
April twenty-sixth. No correlations were found between the 
number of individuals present and salinity or temperature. 
PERIDINIUM EXCENTRICUM (Figure 15) 
Peridinium excentricum was found only in the four 
collections taken during the month of March. The greatest 
density for this species was recorded on March twenty-first 
with 82 individuals per liter. No correlations were found 
between the number of individuals present and the salinity 
or temperature. 
PERIDINIUM TRIQUETA (Figure 16, Page 52) 
This species was first noted on February seventh 
and was present in each week's samples for the rest of the 
study. With the exception of March fifteenth, this species 
was always recorded in concentrations of greater than 300 
individuals per liter. The greatest density was found on 
February seventeenth with 70,670 individuals per liter, the 
greatest density of any species during the six months. No 
correlations were found between the density of individuals 
and salinity or temperature. 
PERIDINIUM CONICUM (Figure 17, Page 53) 
Peridinium conicum appeared sporadically in the 
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period. In March and April, however, it was found on each 
collection date. The highest density for the first four 
months was 82 individuals per liter- On March sixth the 
density of P. conicum had begun to increase with 205 
individuals per liter. The density increased all month 
and reached a peak of 369 individuals per liter on March 
thirtieth. By April seventh the population density had 
decreased to 4.1 individuals per liter and never rose above 
this concentration during the rest of the month. By May 
sixth P. conicum reached its greatest density with 4.51 
individuals per liter. No correlations between the number 
of individuals and salinity or temperature were discernible. 
PBRIDINIUM CONICOIDES (Figure 18) 
Peridinium conlcoides appeared in five collections 
taken between March fifteenth and May sixth. The maximum 
density was 164 individuals per liter, recorded on April 
seventh and May sixth. No correlations between number of 
individuals and salinity or temperature were observed. 
PLRIDINIUM TROCHOIDEUM (Figure 19, Page 56) 
Periciinium trochoideum was first recorded on 
January eighteenth and appeared in each week's collection 
for the remainder of the study period with the exception of 
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reached its greatest density of 15,825 individuals per liter 
on February seventeenth. P. trochoideum comprised a major 
part of the entire Peridiniidae population during the three 
months it was recorded. It was found in consistently large 
numbers on each collection date. No correlations were 
observed between density variation and salinity or temperature. 
PERIDINIUM ACHROMATICUM (Figure 20) 
This species was recorded in all of the collections 
between February seventh and May sixth, exclusively. P. 
achromaticum reached its maximum density on March sixth and 
March thirtieth with 615 individuals per liter. No correla­
tions were noted between the number of individuals and 
salinity or temperature. 
PERIDINIUM DEPRESSUM (Figure 21, Page 59) 
Peridinium depressum was found only in the four 
collections taken between February twenty-sixth and Marcn 
twenty-first. During the first three collections of this 
period P. depressum had a density of 41 individuals per 
liter. On March twenty-first a maximum density of 82 
individuals per liter was recorded. No correlation was 
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PERIDINIUM OCEANICUM (Figure 22) 
This species was collected during the seven week 
period between February twenty-sixth and April seventeenth. 
P. oceanicuin rose to a maximum density of 287 individuals 
per liter on March thirtieth and then fell off sharply. 
No correlations were found between the number of individuals 
and salinity or temperature. 
PKRIDINIUM GRAN1I (Figure 23, Page 62) 
Peridinium granii was found in the plankton collections 
taken on October thirtieth and November seventh. It was not 
found during the rest of November, in December, or in 
January. It was first noted again on February seventeenth 
and then was recorded in each collection through March 
fifteenth. This species was also collected on March thirtieth 
and April seventeenth. P. granii was always present in small 
numbers. The maximum density for this species was 123 
individuals per liter, recorded on November seventh. No 
correlation was found between the number of individuals 
present and salinity or temperature. 
PERIDINIUM STEINII (Figure 24, Page 63) 
Peridinium steinii first appeared on October thirtieth. 
It was not recorded again until February seventh. From that 
date on it was observed in all but one collection through the 
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throughout the study period. This species reached its 
greatest density of 287 individuals per liter on April 
seventh. There did seem to be some correlation between 
the presence of P. steinii and salinity. This species was 
most prevalent when the salinity values were between 32.60 
o/oo and 33.00 o/oo. P. steinii was not found in the 
collections during the months of November, December, and 
January when the salinities were considerably above or 
below 33.00 o/oo. The population density also dropped 
sharply after April seventh when the salinities again began 
to deviate from 33.00 o/oo. No correlation was observed 
between the abundance of this species and the temperature 
values. 
PERIDINIUM DIVERGENS (Figure 25) 
Peridinium divergens was collected only five times 
during the entire study period. It appeared four times 
between November seventh and December twenty-ninth and once 
on March fifteenth. The highest density recorded for this 
species was 82 individuals per liter on December fifteenth.. 
Due to the few numbers of P. divergens present it was not 
possible to determine if any correlation existed between 
the number of individuals and salinity or temperature. 
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PERIDINIUM GLOBULUS (Figure 26) 
This species first appeared in the collections 
on January twenty-eighth. It was found again on February 
twenty-sixth and thereafter was recorded in each week's 
collection through May sixth with the exception of April 
seventh. All of the density values for Peridinium globulus 
were quite low with a maximum of 164 individuals per liter 
on May sixth. No correlations were noted between the number 
of individuals and salinity or temperature. 
PERIDINIUM PELLUCIDUM (Figure 27, Page 68) 
Peridinium pellucidum was first recorded on March 
sixth. This species was not found in the collection taken 
on March fifteenth, but appeared in each week's samples 
thereafter through April twenty-sixth. The greatest density 
of P. pellucidum was noted on March twenty-first with 287 
individuals per liter and was followed by a gradual decrease 
in numbers through April twentysixth. No correlations were 
found between number of individuals and salinity or temperature. 
PERIDINIUM CRASSIPES (Figure 28, Page 69) 
Peridinium crassipes was present in two distinct 
groups during the six month period. The first group extended 
from October thirtieth to December tenth and the second from 
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PERIDINIUM RECTUM (Figure 29) 
Peridinium rectum was recorded occasionally in the 
plankton collections from November seventh through April 
twenty-sixth.. It was the only species found in the 
collection taken on January tenth. This species was 
present only in small numbers. Its greatest density was 82 
individuals per liter. Due to the paucity of P. rectum, 
no observations on possible correlations between number of 
individuals and salinity or temperature could be made. 
MINUSCULA BIPES (Figure 30, Page 72) 
Minuscula bipes was noted in five plankton collections 
taken between March sixth and April twenty-sixth. The highest 
concentration of individuals was noted on April seventeenth 
and April twenty-sixth with 492 individuals per liter. No 
correlations were observed between number of individuals and 
salinity or temperature. 
CERATIUM FURCA (Figure 31, Page 73) 
Cexatium furca was the predominant species during 
the months of November and December. It first appeared in 
the plankton samples on November seventh and increased 
rapidly to its greatest density of 2,38.3 individuals per 
liter on November thirteenth. C. furca remained as the 
dominant species until December twenty-third. This species 
was also recorded during the months of January, February, 
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and March in small numbers. No correlations were observed 
between the number of C. furca and salinity or temperature. 
CERATIUM TRIPOS {Figure 32) 
This species was found only from November seventh 
through January twenty-eighth. C. tripos was the dominant 
species on December twenty-third and on this date it reached 
its maximum density of 328 individuals per liter. No 
correlation was found between the number of individuals 
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CHAPTER VI 
DISCUSSION 
There were two distinct periods of abundance in 
the Peridiniidae of Tomales Bay during the six month period 
of study. These two periods were easily discernible on the 
basis of the population densities at different stations and 
by species composition. The first period occurred between 
October thirtieth and December twenty-ninth. The second 
period occurred between February seventh and May sixth. 
The month of January separated these two times of abundance 
and supported an almost negligible population consisting of 
species characteristic of both periods. See Figure 33. 
There were nine species recorded during the two month 
period between October thirtieth and December twenty-ninth. 
These included six species of Peridinium, two species of 
Ceratium, and Diplop.sal.is lenticula. 
This first period was characterized by the presence of 
Ceratium furca and C. tripos. C. furca reached its maximum 
densities and was the dominant species during the first six 
weeks of the study. C. tripos appeared in December and 
became the dominant species during the last two weeks of that 
month. C. tripos was not found in the population after 
January.. 
7 7  
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On the first collection date of the study, October 
thirtieth, the population density was quite low with a 
maximum density of 205 individuals per liter. During the 
following two weeks the population density increased 
steadily and reached its greatest concentration of this 
period with 2,588 individuals per liter. The population 
then decreased to a maximum value of 328 individuals per 
liter on December twenty-ninth. 
Ceratium furca was primarily responsible for the 
population density fluctuation during the months of 
November and December. For example, a maximum density 
of 902 individuals per liter was noted on November seventh, 
of which 738 individuals per liter were C- furca. On 
November thirteenth, the maximum density for the first 
period was noted with 2,588 individuals per liter, of 
which 2,383 individuals per liter were C. furca. During 
the last two weeks of December, C. tripos had a similar 
effect on the population concentration. 
The vast majority of the population was localizca 
at Station 1, where ninety per cent of the Peridiniidae 
population for November and December were, recorded. Only 
two per cent of the population was found at Station 2, 
seven per cent at Station 3, and one per cent at Station 4. 
Some of the possible factors believed to be responsible 
79 
fox this paucity of individuals at Stations 2, 3, and 4 
will be discussed later in this chapter. (See Figure 33 
Page 77, Figure 34 - Page 80, Figure 35 - Page 81, and 
Figure 36 - Page 82.) 
A total of twenty-five species was found during the 
second, period of the population study between February 
seventh and May sixth. This period included seventeen 
species of the genus Peridinium, four species of Goniaulax, 
Ceratiuro furca, Diplopsalis lenticula, Peridiniopsis rotunda, 
and Minuscula bipes.- This three month period was dominated, 
both in number of species and number of individuals, by the 
genus Peridinium. P. trochoideum and P. triqueta were 
characteristic of this period. These two species were 
found in each week's collection during the three months 
and almost always in large numbers. 
The population density increased rapidly during the 
first part of the month of February at all stations. The 
highest densities of the entire study period were reached 
on February seventeenth. The maximum concentration on this 
date was 80,659 individuals per liter. The population 
density dropped off sharply after this peak, but concentra­
tions of at least 1,000 individuals per liter were recorded 
in each week's collection during the rest of the study. 
Peridinium triqueta and P. trochoideum had a great 
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of abundance. On February seventeenth, for example, when 
the highest population density was recorded, these two 
species accounted for 80,290 of the total 80,659 individuals 
per liter. P. achromaticum, Diplopsalis lenticula, and 
Peridiniopsis rotunda also had a noted effect on the 
population density during this period. 
The population distribution in Tomales Bay during 
the last three months was quite different at Stations 1 
and 3 as compared with that of the first two month period. 
During the second period seventy-one and one-half per cent 
of the population was found at Station 3, twenty-three per 
cent at Station 1, four and one-half per cent at Station 2 
and one per cent at Station 4. The greatly increased 
population density at Station 3 was, in large part, cue to 
the extremely high concentration recorded on February 
seventeenth. On that date an estimated total of 154,365 
individuals was found at Station 3 out of a sum total of 
189,053 individuals for the three month period at that 
station. See Figure 35, Page 81. 
Scattergrams revealed no direct correlation between 
the size of the population and salinity or temperature 
variations. However, during the last part of December and 
during January when the heavy rains and runoff decreased 
the salinity of the bay to very low values, the Peridiniidae 
population was very sparse. Compare Figures 3 (Page 1 ) 
and 33 (Page 77). It is felt, however, that the population 
e A 
was being displaced by the heavy influx of runoff water 
into Tomales Bay and was not directly correlated with 
lowered salinity values. 
The Peridiniidae population in Tomales Bay appeared 
to be influenced more by the prevailing weather conditions 
than by salinity and temperature. When the wind was blowing 
from either the northwest or the southeast, parts of the 
bay became extremely turbid due to the muddy bottom deposits 
and shallowness of the area. During periods of turbidity, 
the population of the bay was low.. This was probably due 
to decreased, light penetration, which cut down photo­
synthesis and other metabolic rates dependent upon the 
photosynthetic reaction. The turbidity in Tomales Bay 
increased with depth and had a much more pronounced effect 
on the phytoplankton very near the surface. The vertical 
distribution at Station 3 on March twenty-first demonstrated 
this effect (Figure 35, Page 81). Thus, the turbidity in 
Tomales Bay was probably one of the most important limiting 
factors in Peridiniidae production. 
On the other hand, periods of turbidity in Tomales 
Bay probably aided in the dissemination of important nutrients, 
such as phosphates and nitrates from the bottom sediments into 
the surrounding waters of the bay. The turbid conditions 
probably kept the nutrients well dispersed in the upper 
waters of the bay, which made conditions good for phytoplankton 
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production. Thus, turbidity appeared to both hinder and aid 
in production and was probably the most important fact, other 
than sunlight, in regulating the Peridiniidae population in 
Tomales Bay. 
The lack of Peridiniidae at Stations 2, 3 and 4 during 
the first two months of study was probably closely associated 
with the climatic conditions.. This period was characterized 
by rain, southeast winds, and fog which cut down on the 
already decreased light available for production. Further, 
the nutrient supply may have been low during this period 
after the summer and fall phytoplankton blooms. Some ninety 
per cent of the population was found at Station 1 near the 
mouth of the bay. For this reason it was felt that most of 
the Peridiniidae during this time were probably carried 
into the bay from offshore waters, where variations in 
weather conditions were less extreme. 
During the three months from February through April, 
however, Stations 2, 3 and 4 became more productive, probably 
due to increased sunlight and enriched nutrient supply. 
Station 3 was particularly productive and supported the 
largest population found in Tomales Bay at any one time 
during the study period. 
The different species composition found during the 
two periods of abundance in the bay may have been due to 
several factors. The increased amount of sunlight and 
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enncned nutrient supply, during the three month period from 
February through April, may have allowed for a much greater 
variety in species development than that of the fall months. 
These factors probably accounted for the several species 
that appeared in late March and in April. The abrupt 
appearance of a number of species in the first two weeks 
of February may have been the result of a. rather sudden 
change in the direction of flow in the current system along 
the coast. 
CHAPTER VII 
SUMMARY AND CONCLUSIONS 
The Peridiniidae population of Tomales Bay was 
sampled on a weekly basis between October thirtieth and 
May sixth, from four stations established around the bay. 
A record was kept of the salinities, air, and water tempera­
tures for each station. 
Some twenty-three species, representing six genera, 
were identified during this six month period. These 
included fifteen species of Peridinium, three species of 
Goniaulax, two species of Ceratium, Diplopsalis lenticula, 
Peridiniopsis rotunda, and Minuscula bipes. 
The Peridiniidae population occurred in two distinct 
periods of abundance. The first period occurred between 
October thirtieth and December twenty-ninth and the second 
period occurred between February seventh and May sixth. 
Ceratium furea and C. tripos were the most characteristic 
species of the first period of abundance. The second period 
was characterized mainly by Peridinium trochoiaeurn and P. 
triqueta. The greatest population density was noted on 
February seventeenth with 80,659 individuals per liter. 
It is believed that the two different groups of 
species were associated with a change in the direction of 
flow in the coastal current system. 
8 8  
No direct correlation was found between the size 
of the Peridiniidae population and temperature or salinity. 
Turbidity, in Tomales Bay, appeared to be the most important 
factor, other than sunlight., in controlling the density of 
the population. 
APPENDIX I  
J 
TABLE I 
THE SALINITY VALUES, WATER TEMPERATURES, AND AIR 
TEMPERATURES FOR EACH OF THE FOUR STATIONS 
Date Station Salinity o/oo Water Temp.°C Air Temp.°C 
11/7 1 31.09 13.7 
2 30.91 14.5 
3 31.38 15.4 
4 30.91 15.7 
11/13 1 30.36 13.0 9.0 
2 29 . 50 12.1 9.0 
3 29.90 12.8 9.5 
4 28.46 13.2 9.8 
11/21 1 36.99 11.3 12.5 
2 34.13 11.0 12.5 
3 33.76 11.5 12.0 
4 35.73 11.0 16.0 
12/10 1 36.83 12.0 12.0 
2 35.73 11.8 12.7 
3 35.11 11. 8 12.7 
4 33.40 12.2 12.7 
12/15 1 36.91 10.3 8.0 
2 35.70 10.5 7.2 
3 34.97 10.5 7.5 
4 33.61 10.0 8.0 
12/23 1 35.95 12.9 13.7 
2 31.21 13.0 14.5 
3 31.15 13.2 14.8 
4 27.65 13.1 14.8 
12/29 1 28-62 10.7 8.5 
2 21.73 10.0 8.5 
3 26.57 10.7 8.0 
4 26.61 11.5 10.5 
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TABLE I (continued) 










1 31.84 9.7 5.5 
2 24.18 9.0 4.5 
3 18.71 9.0 4.0 
4 22.98 9.0 4.0 
1 30.95 11.5 14 . 5 
2 27.42 11.0 15.0 
3 25.59 12.0 15.0 
4 25.55 12.0 19.0 
1 32.82 10 .0 8.0 
2 29.01 10.5 8 .5 
3 26.09 10.3 8.2 
4 24.55 11.2 10 . 5 
1 32.41 11-.7 14.5 
2 28.99 11.8 14 . 5 
3 24.15 12.4 14.5 
4 29.04 12.0 12.0 
1 33.73 11.5 15.3 
2 32.37 11.5 14.5 
3 29.36 11.8 13.0 
4 lost 12 . 5 11.5 
1 33.14 8.8 6.5 
2 32.22 10 . 3 8. 5 
3 31.04 10 . 3 8.0 
4 30.89 11. 5 10 .5 
1 32.61 10 . 5 9.5 
2 lost 11.0 8.0 
3 33.94 1.1.0 7.0 
4 29.15 11.0 
8.0 
1 34.26 11.7 
12.0 
2 32.93 12.5 
12.0 
3 32.98 12.3 
12.0 
•4 30.56 14.0 
14.0 
1 33.70 14.0 
18.5 
2 32.74 14.5 
16.0 
3 32.37 14.7 
17.0 
4 29.84 16 .0 
18.0 
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TABLE I (continued) 
Date Station Salinity o/oo Water Temp.°C Air Teitip.°C 
3/30 1 34.85 10.8 12.0 
2 32.81 12.3 13.0 
3 32.81 13. 0 13.0 
4 31.20 13.5 13.0 
4/7 1 33.81 10.8 7.5 
2 32.81 11.0 7.0 
3 31.00 11.8 6.5 
4 30.38 12.0 9.5 
4/17 1 32.65 13.2 18.0 
2 30.69 13.5 15.0 
3 29.27 13.2 12.5 
4 29.83 14.0 17.0 
4/26 1 34.00 13.8 17.0 
2 28.86 16.3 15.5 
3 28.28 17.0 17.5 
4 26.23 18.5 19 .0 
5/6 1 35.53 12.0 12.0 
2 32.38 13. 3 10.5 
3 29.91 13.5 11.0 




THE STANDARD DEVIATIONS AND MEAN NUMBERS OF INDIVIDUALS 
PER LITER FOR EACH SPECIES AND FOR T1IE TOTAL 
NUMBER OF INDIVIDUALS PER LITER 
Date Station Individuals per liter S.D.* 
10/30 la 82 P. granii 
82 D. lenticula 
41 P. crassipes 






c 82 P. steinii 









11/7 la 123 P. granii 
41 P. divergens 









41 C. tripos 
328 total xnd./liter 
738 C. furca 
82 C. tripos 
41 P. rectum 
41 P. divergens 
302 total ind./liter 
















TABLE XI (continued) 
Date Station Individuals per liter S.D. 
11/7 2a 41 C. furca .31 





4a 41 C. furca .31 
41 total ind./liter .31 
11/13 la 656 C. furca .84 
41 C. tripos .31 
41 P. rectum .31 
738 total ind./liter 1.41 
b 1189 C. furca 1.81 
287 P. crassipes .63 
123 C. tripos .46 
41 P. rectum .31 
164CT total ind./liter 2.06 
c 2383 C. furca 2.06 
164 P. crassipes .49 
41 C. tripos .31 
2588 total ind./liter 2.00 
2a 82 C. furca .41 
82 total ind./liter .41 
b 
3a 
b 123 C. furca .46 
123 total ind./liter .46 
c 123 C. furca .46 
123 total ind./liter .46 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
4a 
11/21 la 41 C. furca 
41 D. lenticula 




b 82 C. furca 
82 P. crassipes 
82 P. conicum 







b 41 P. crassipes 







12/10 la 1271 C. furca 
ft2 D. lenticula 
41 P- crassipes 





b 1394 C. furca 
41 C. tripos 





2a 41 C. furca 




TABLE II (continued) 
Date Station Individuals per liter S.D. 
b 
3a 82 D. lenticula .41 
41 P. divergens .31 
123 total ind./liter .46 
12/10 3b 41 C. furca .31 
41 D. lenticula .31 
82 total ind./liter .41 
c 41 D. lenticula .31 
41 total ind./liter .31 
4a 41 C. furca .31 
41 total ind./liter .31 
12/15 la 82 C. furca .41 
82 total ind./liter .41 
b 
c 82 P. divergens .41 
41 P. rectum .31 





c 41 P. rectum .31 
41 total ind./liter .31 
4a 
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TABLE II {continued) 
Date Station Individuals per liter S.D. 
12/23 la 328 C. tripos .67 
41 P. sp. .31 
369 total ind./liter .91 
b 205 C. tripos .48 
82 P. conicum .41 
287 total ind./liter .81 
c 287 C. tripos .78 










b 41 C. tripos 
68 12/29 la 164 C. tripos 
41 P. divergens -31 
205 total ind./liter .81 
82 P. conicum .41 
41 P. divergens -31 
123 total ind./liter -46 
.31 
TI total ind./liter .31 
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TABLE IX (continued) 





12/29 3a 205 C. furca _ ,81 
82 C. tripos .41 
41 P. conicum .31 
328 total ind./liter 1.48 
41 C. tripos .31 
41 total ind./liter .31 
4a 41 C. furca .31 
41 total ind./liter .31 
c 
2a 
b 41 P. rectum .31 





b 41 C. tripos .31 
41 total ind./liter .31 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
1/18 2a 41 P. rectum .31 
41 D. lenticula .31 
82 total ind./liter .41 
b 41 D. lenticula .31 




4a 123 P. trochoideum .46 
41 C. furca •31 
164 total ind./liter .68 
1/28 la 41 P. crassipes .31 
41 total ind./liter .31 
b 41 C. furca *31 
41 C. tripos -31 
41 P. globulus .31 
123 total ind./liter -46 
c 41 C. furca .31 
41 C. tripos .31 
41 P. crassipes .31 




b 164 C. furca *49 
41 P. crassipes -31 
205 total ind./liter .49 
c 41 P. crassipes .31 
41 total ind./liter .31 
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TABLE II ( continued) 
Date Station Individuals per liter S.D. 
1/28 4a 41 C. furca .31 
41 total xnd./liter .31 
2/7 la 451 P. trochoideum 2.10 
82 P. crassipes -41 
82 P. triqueta .41 
41 P. conicum -31 
41 P. steinii .31 
697 total ind./liter 2.10 
b 451 P. trochoideum 1.70 
451 P. triqueta 1.05 
123 P. crassipes .46 
82 C. furca -41 
1107 total ind./liter 2.09 
c 451 P. trochoideum 1.87 
123 P. triqueta -46 
82 P. achromaticum .41 
82 P. crassipes .41 
41 P. steinii *31 
41 P. S£. *31 
41 C. furca *31 
41 D. lenticula *31 
total ind./liter 1.41 
2a 492 P. trochoideum 1-00 
123 D. rotunda -46 
82 P. triqueta *41 
41 P. conicum *31 
41 P. steinii *31 
41 p. achromaticum .31 
41 C. furca *31 
86X total ind./liter 1.63 
b lost 
3a 82 P. trochoideum .41 
41 P. steinii *31 
123 total ind./liter .46 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
2/7 3b 41 P. steinii -31 
41 C. furca .31 
82 total ind./liter .41 
c 123 P. triqueta .46 
82 P. trochoideum -41 
41 D. rotunda .31 
41 C. furca .31 
287 total ind./liter .62 
4a 123 P. trochoideum .46 
123 total ind./liter .46 
2/17 la 3493 P. trochoideum 3.65 
1107 P. triqueta 1.88 
164 P. achromaTicum .66 
41 P. granxi >31 
41 D. lenticula .31 
4846 total ind./liter 3.16 
b 5713 P.. trochoideum 3^87 
1271 P. triqueta 2.66 
205 P. achromaticum -49 
41 P. crassipes -31 
7230 total ind./liter 4.60 
c 3985 P. trochoideum 3.00 
2013 P. triqueta 1.73 
41 P. crassipes •31 
41 P. achromaticum -31 
"T080" total ind./liter 4.9 5 
2a 2013 P. trochoideum 2.35 
984 P. triqueta 1.57 
82 D. rotunda 
41 P. achromaticum 
3120 total ind./liter 3.54 
b 1517 P. trochoideum 1.93 
902 P. triqueta 
2419 total ind./liter 1.86 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
2/17 3a 70670 P. triqueta 45.84 
9620 P. trochoideurn 7.09 
164 D. rotunda 1.50 
82 P. achromaticum .41 
41 P. steinii -31 
41 C. furea *31 
41 G. spinifera *31 
"806 59 total ind./liter 56.50 
b 10893 P. triqueta 15*6!? 
5920 P. trochoideurn 7.07 
164 P. achromaticum .49 
82 D. rotunda *41 
82 G. spinifera *41 
41 G. sp. *31 
17182 total ind./liter 19.97 
c 40330 P. triqueta 15.91 
15825 P. trochoideurn 7.42 
164 D. rotunda *49 
82 P. rectum *41 
82 P. achromaticum .4.1 
41 C. furca * 31 
"56524 total ind./liter 22.63 
4a 1271 P. triqueta 3.52 
41 p. trochoideurn *31 
41 P* rotunda *31 
" 1353 total ind./liter 3.38 
2/26 la 328 P. triqueta -31 
287 P. trochoideurn *yi 
82 P. achromaticum .41 
82 G. sp. *41 
41 P. qranii *31 
41 p. oceanicum .31 
861 total ind./liter 1.49 
v> 82 P. achromaticum .41 
82 P. trochoideurn .41 
41 p. triqueta -31 
4.1 P. conicum .31 
~~H6 total ind./liter 1.04 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
2/26 lc 328 P. trochoideum .70 
205 P. achromaticum »49 
82 P. triqueta .41 
82 D. rotunda .41 
41 P. crassipes .31 
41 P. conicum -31 
779 total ind./liter 1.26 
2a 123 P. trochoideum .46 
123 total ind./liter .46 
b 123 P. trochoideum .46 
41 D. rotunda .31 
164 total ind./liter .49 
3a 615 D. rotunda 1.56 
369 P. trochoideum -93 
164 P. triqueta 1.50 
41 P. achromaticum -31 
41 P. globulus -31 
1230 total ind./liter 2.45 
b 410 D. rotunda 1.00 
82 P. triqueta -41 
492 total ind./liter 1.26 
c 287 P. trochoideum .78 
123 D. rotunda -46 
82 P. triqueta .41 
41 P. depressum -31 
41 P. crassipes -31 
41 P. globulus -31 
615 total ind./liter 1-16 
4a 287 P. trochoideum .62 
287 total ind./liter .62 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
3/6 la 1845 P. trochoideum 1.73 
533 E.' achromaticum 1.56 
328 P. triqueta 1.09 
205 P. crassipes 1.49 
123 D. lenticula .46 
82 P. conicum .41 
82 P. steinii .41 
41 P. pellucidum .31 
41 P. oceanicum .31 
41 P. globulus .31 
41 P. depressurn .31 
41 P. S£. «31 
41 D. rotunda «31 
41 G. spinifera -31 
3785 total ind./liter 2.89 
b 2220 P. trochoideum 2.40 
615 P. achromaticum -78 
410 P. triqueta" 1.30 
287 D. rotunda -57 
205 P. conicum -68 
205 D. lenticula 1.06 
164 P. oceanicum -67 
82 P. crassipes -41 
82 G. s£. -41 
41 P. steinii •31 
41 p. excentricum *31 
41 p. globulus -31 
41 C. furca -3^ 
41 M. bipes _ • 3 J; 
4475 total ind./liter 2 . 1 2  
c 1230 P. trochoideum 1.88 
328 P. achromaticum *71 
123 P. tricjuetlT 
123 P. conicum *46 
32 P. oceanicum -43 
82 P. crassipes -41 
41 p. pellucidum -31 
41 P. steinii _•33 
2050 total ind./liter 2.11 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
3/6 2a 328 P. trochoideum 1.19 
41 D. rotunda .31 
369 total md./liter 1.80 
b 533 P. trpchoideum 1.33 
164 P. acKromaticum .68 
82 P. triqueta .41 
82 P. granii .41 
82 P. globulus .41 
82 P. oceanicum .41 
41 P. conicum .31 
41 D. rotunda .31 
41 D. lenticula .31 
1148 total ind./liter 2.47 
3a 574 P. achromaticum 1.45 
4.10 P. trochoideum 1.50 
246 D. lenticula .67 
123 D. rotunda .4 6 
82 P. granii .41 
41 P. conicum .31 
41 G. sp. .31 
1517 total ind./liter 2.18 
b 779 P. trochoideum 1.59 
410 P. achromaticum .94 
287 D. rotunda- .91 
82 P. oceanicum .41 
41 P. granii .31 
41 P. triqueta .31 
41 P. conicum .31 
41 P. excentricum .31 
41 D. lenticula .31 
1763 total ind./liter 2.23 
c 246 P. trochoideum 1.00 
164 P. achromaticum .68 
41 P. granii .31 
41 D. lenticula -31 
492 total ind./liter 1.22 
4a 123 P. trochoideum .46 
41 P. crassipes .31 
164 total ind./liter .49 
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TABLE II (continued) 
Date Station Individuals per liter 
3/15 la 328 P. trochoideum .75 
287 P. conicum *78 
164 P. achromaticum -68 
123 G. catenella .46 
123 P. conicoides >46 
82 P. steinii *41 
82 D. rotunda -41 
82 D. lenticula *41 
41 P. triqueta .31 
41 p. oceanicum *31 
41 p. pellucidum .31 
41 P. globulus .31 
41 p. depressum .31 
41 P. granii *31 
1517 total md./liter 1.25 
b 205 P. achromaticum -68 
205 P. trochoideum .95 
164 D. lenticula «68 
123 P. conicum *46 
123 P. W-
41 p. oceanicum «3i 
41 P. steinii -31 
41 p. excentricum *31 
41 G. catenella -31 
41 G. S£. .'^ 
1025 total ind./liter 1.81 
c 369 P. trochoideum 1-24 
205 P. conicum -83 
164 P. achromaticum -67 
123 G. catenella *46 
41 P. divergens -31 
41 p. oceanicum *31 
4 1  p. crassipes -31 
41 P. steinii -31 
41 P. triqueta *31 
41 p. depression *31 
41 p. excentricum -31 
41 P. s£. 
41 P. S£. 
41 C. furca 
41 D. rotunda *31 
41 G •SI 





TABLE II (continued) 
Date Station Individuals per liter S.D. 
3/15 2a 369 P. trochoideum 1.24 
123 P. achromaticurn .46 
123 D. rotunda -46 
82 P. steinii .41 
82 P. S£. -41 
82 D. lenticula .41 
41 P. conicum .31 
41 G. catenella .31 
943 total-ind.-7Titer 1.77 
b 82 P. steinii .41 
41 P. conicum -31 
41 D. lenticula •31 
"Tel" total ind./liter .49 
3a 123 P. achromaticurn .46 
123 P. conicum .46 
41 P. ocean!cum .31 
41 P. rectum "31 
41 P. S£. *31 
369 total ind./liter .81 
b 41 P. achromaticurn -31 
41 p. conicum -31 
41 p. trochoideum -31 
41 P. globulus 
41 P. steinii 
205 total ind./liter 
c 41 P. conicum *31 
41 P. crassipes -31 
82 total" ind./liter -4.1 
4a 41 P. trigueta -31 
41 D. rotunda •-»*• 
82 total ind./liter -41 
3/21 la 287 P. £ellucidum 1-02 
287 P. conicum 
205 P. achromaticurn 
123 D. lenticula -J 
82 P. gxcentricum 
82 D. rotunda *41 
41 p. trochoideum -31 





1148 total ind./liter 2.07 
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TABLE XI (continued) 
Date Station Individuals per liter S.D. 
3/21 lb 164 P. conicum .49 
123 P. achromaticum .46 
82 P. pellucidum .41 
82 P. trochoideum .41 
41 P. oceanicum .31 
41 P. excentricum .31 
41 D. lenticula .31 
574 total ind./liter 1.16 
c 287 P. conicum .78 
123 P. achromaticum .46 
123 D. lenticula .46 
82 P. pellucidum .41 
41 P. excentricum .31 
41 p. trochoideum .31 
41 P. rectum .31 
41 D. rotunda .31 
41 G. spinifera .31 
820 total ind./liter 2.00 
2a 
3a 
41 P. achromaticum .31 
41 P. conicum .31 
82 total ind./liter .41 
41 p. achromaticum .31 
41 p. crassipes -31 
~~82 total ind./liter .41 
1394 D. lenticula 
1025 P. trochoideum 2.15 
738 P. Frigueta 1.14 
697 P. crassipes l--*' 
697 D. rotunda 
492 P. achromaticum 1.73 
205 P. oceanicum «16 
164 P. conicum .69 
123 P. globulus .46 
82 P. steinii *41 
82 P. pellucidum 
82 P. depressum 
41 p. excentricum 





TABLE XI (continued) 
Date Station Individuals per liter S.D. 
3/21 3b 164 D. lenticula .68 
123 P. oceanicum .46 
82 P. achromaticum -41 
82 P. crassipes -41 
82 P. triqueta -41 
82 P. conicum • 41 
82 D. rotunda >41 
41 P. trochoideum -31 
41 P. pellucidum -31 
779 total ind./liter 1.53 
c 
4a 123 P. trochoideum -46 
82 D. lenticula .41 
41 D. rotunda -31 
246 total md./liter .63 
3/30 la 492 P. trochoideum 1.33 
410 P. triqueta 1.21 
369 P. conicum 1.37 
287 D. rotunda .62 
246 P. achromaticum .93 
246 D. lenticula .82 
82 P. oceanicum .41 
82 P. rectum .41 
82 P. steinii .41 
82 P. pellucidum .41 
41 P. crassipes .31 
41 P. excentricum .31 
41 M. bipes .31 
"2501 total ind./liter 4.36 
369 P. trochoideum .47 
205 P. conicum .16 
205 P. achromaticum .16 
205 D. rotunda .95 
164 P. triqueta .83 
164 P. pellucicTum .49 
82 P. rectum .41 
82 D. lenticula .41 
82 G. polyhedra .41 
41 P. oceanicum .31 
41 P. excentricum .31 
1640 total ind./liter 2.00 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
3/30 lc 533 P. trochoideum -83 
287 P. conicum •6 2 
246 P. triqueta • 48 
246 D. lenticula *48 
205 D. rotunda *70 
82 P. achromaticum .41 
82 P. oceanicum •41 
82 P. pellucidum *41 
82 C. furca *41 
82 G. polyhedra *41 
41 P. crassipes *31 
41 P. globulus *31 
2009 total ind./liter 1.71 
2a S33 P. trochoideum *63 
410 P. triqueta *95 
164 P. achromaticum -49 
82 P. oceanicum *41 
82 D. lenticula *41 
41 P. steinii ." 
1312' total ind./liter 1*59 
b 82 P. oceanicum *41 
41 P. achromaticum *31 
41 P. pellucidum *31 
41 P. conicum *31 
"205 total inc./liter -68 
3a 615 P. achromaticum -79 
410 P. trochoideum 1 
287 P. oceanicum -66 
287 D. lenticula *91 
205 P. triqueta • 
123 P. pellucidum *46 
123 D. rotunda *46 
82 P. conicum *41 
82 P. crassipes *41 
41 P. steinii_ *3j 
41 P. rectum 
41 G. polyhedra *31 
2337 total ind./liter 1.89 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
3/30 3b 410 P. achromaticum .77 
410 P. triqueta .91 
369 D. lenticula .30 
246 P. trochoideum .67 
246 P. oceanxcum .67 
205 P.. conicum .83 
123 P. pellucidum .46 
82 P. steinn -41 
41 D. rotunda .31 
41 G. sp. -31 
2173 total ind./liter 1.30 
c 328 P. trochoideum 1.00 
287 P. oceanicum 1.03 
205 P. conicum -95 
164 P. triqueta .68 
164 P. achromaticum .68 
123 P. steinii -46 
123 G. polyhedra .46 
82 G. spinifera -41 
41 P. granii .31 
41 P. pellucidum .31 
41 D. lenticula -31 
1599 total ind./liter 2.40 
4a 123 P. triqueta *66 
41 P. trochoideum -31 
164 total ind./liter -95 
4/7 la 410 P. trochoideum 1.20 
287 P. triqueta *91 
164 D. lenticula -49 
123 P. achromaticum .46 
82 P. steinii *41 
82 D. rotunda *41 
41 P. conicum *31 
41 P. conicoides *31 
41 G. polyhedra *31 
41 G. spinifera -31 
41 M. bipes *31 
1353 total ind./liter 1.87 
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TABLE II (continued) 
Date Station Invididuals per liter S.D. 
4/7 lb 287 P. tric£ueta .83 
164 P. conicoides .68 
123 P. trochoideum .46 
82 P. pellucidum .41 
82 P. achromaticum .41 
82 D. rotunda -41 
41 P. steinii .31 
41 D. lenticula -31 
902 total ind./liter 1.57 
c 328 P. trochoideum 1.08 
328 P. triqueta -77 
287 P. steinii " >61 
82 P. achromaticum .41 
82 P. pelluciaum .41 
82 D. lenticula .41 
41 P. conicoides -31 
41 P. conicum -31 
41 D. rotunda *31 
1312 total ind./liter 1.76 
2a 82 P. triqueta .41 
41 p. trochoideum -31 
41 P. achromaticum -31 
41 P. oceanicum .31 
205 total ind./liter -84 
b 41 P. trochoideum .31 
41 total ind./liter .31 
3a 410 P. trochoideum 1.08 
328 P. triqueta .99 
123 D. rotunda .46 
82 P. oceanicum -41 
82 P. steinii .41 
41 p. conicoides .31 
41 D. lenticula .31 
1107 total ind./liter 1.56 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
4a 
2a 
4/7 3b 246 P. trochoideum .66 
123 P. triqueta -46 
123 D. rotunda .46 
41 P. oceanicum 
41 P. steinu 
.31 
.31 
.31 41 P. conicum 
41 D. lenticula • 31 
TT56 total ind./liter .90 
123 P. triqueta -46 
123 £• steinii -46 
123 D. lenticula *46 
41 p. trochoideum -31 
~41Cf total ind./liter 1-05 
4/17 la 861 P. triqueta 1»22 
246 P. trochoideum -67 
123 P. pellucidum -46 
41 P. steinil *31 
41 D. rotunda . . I 
1312 total ind./liter 1.45 
b 738 P. triqueta 
410 P. trochoideum 1.2U 
82 P. pellucidum" -41 
82 P. steinii *41 
82 D. lenticula -41 
82 D. rotunda -41 
41 P. conicoides -31 
41 P. oceanicum -31 
1558 total ind./liter 2.00 
c 902 P. triqueta J--85 
205 P. trochoideum *4/ 
123 P. pellucidum -46 
123 D. lenticula -4b 
1353 total ind./liter 2.30 
82 P. trochoideum -41 
82 P. triqueta -41 
41 P. achromaticum -31 
205 total ind./liter -63 
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\ 
TABLE II (continued) 
Date Station Individuals per liter S.D. 
4/17 2b 
3a 1886 P. triqueta 
1189 P. trochoxdeum 
205 D. rotunda 
82 P. conicoides 
82 P. globulus 
41 P. granii 
41 P. conicum 
41 D. lenticula 
3567 total ind./liter 
b 492 M. bipes 
123 P. trochoideuir. 
41 p. conicoides 
41 p. pellucidum 
41 p. triqueta 

















4a 41 p. trochoideum 
41 p. triqueta ~~ 




4/26 la 533 P. triqueta 246 P. trochoideuifl 
123 D. rotunda 
123 P. achroiyiaticuiri 
41 P- steinii 
41 G. splnltera 





























TABLE II (continued) 
Date Station Individuals per liter S.D. 
4/26 lc 697 P. trochoideum 1.0 8 
492 M. bipes -94 
164 P. achromaticum .49 
41 P. rectum .31 
41 P. pellucidum .31 
41 P. globulus - 31 
41 P. conicum -31 
1517* total ind./liter 2.00 




Z~w t r~— 91 
41 P. acnromaticum -J* 
1.20 
2a 
246 M. bipes 
16.4 P. trochoideum 
82 P. pellucidum 
41 P. crassipes 
984 total ind./liter 
82 P. triqueta 
82 P. trochoidum 




3.27 3a 2257 P. ̂ ochoideum 3.2^ 
779 D. rotunda 1*00 
369 P. triquetg 
123 P. conicoides • 
123 D. lenticula 
82 M. bipes ,* 
3733 total ind./liter 
b 1271 P- trochoideum ^79 
492 D. rotunda 46 
123 P- '41 
82 P. triqueta * 
41 P• alokufV^ * 31 
41 P- stein11 ]31 
41 P. conicum 33 
41 D. lenticula ^31 
41 G. spinifer^ 3>58 
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TABLE II (continued) 
Date Station Individuals per liter 
4/26 3c 41 P. conicoides >31 
41 total ind./liter *31 
4a 
5/6 la 328 P. trochoideum 1*23 
328 P. trigueta •*' 
123 P. globulus *4° 
123 P. conicum *4b 
123 D. lenticula *4° 
41 P. conicoides , 
1066 total ind./liter I*08 
b 410 D. lenticula *90 
164 P. trochoideum -y 
123 P. conicoides *46 
82 D. rotunda -41 
41 P* trigueta -31 
41 P. globulus 
861 total ind./liter 1*41 
O T 
c 369 P. trigueta 
328 P. trochoideum *«° 
246 D. lenticula 
164 P. globulus 
41 P. conicoides *31 
41 P. conicum •y 
1189 total ind./liter i-^-1-
2a 
b 
•ja 615 P- trochoideum 1*25 
123 P. conicoides -46 
46 123 P. conicum *;* 
41 P. trigueta *3 
41 D. lenticula -y-
41 D. rotunda 
41 G. spinifera 
1025 total ind./liter 1-37 
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TABLE II (continued) 
Date Station Individuals per liter S.D. 
5/6 3b 451 P. conicum 1.46 
164 P. conicoides -49 
123 P. trochoideuiri .46 
82 P. trigueta -41 
82 D. lentxcula .41 
41 p. achroinaticum -31 
41 P. globulus • 31 
"984" total ind./liter 2.77 
c 123 P. trochoideum .46 
41 P. trigueta -31 
41 p. conicum -31 
41 p. conicoides -31 
41 G. s£. „•31 
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